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6-ARYLPHENANTHRIDINES WITH PDE-IV INHIBITING ACnVlTY 



Field of application of the invention 

The invention raiates to novel e^ryiphenanthridines. which are used in the pharmaceuUcal industry Ibr 
the production of medicaments. 



Known technical background 

Chem. Ber, 1939, 72, 675-677. J. Chem, Soc. 1956, 4280^283 and J. Chem. Soc.(C), 1971. 1805 
describe the synthesis of 6-phenyiphenanthridines. The Internationa! Applications WO 97/28131 and 
WO 97/35854 describe 6-phenyi- and 6-pyridylphenanthridines as PDE4 Inhibitors. 



Description of the invention 

It has now been found that the novel phenanthrfdines substituted in the 6-positjon by a bi- or tricyclic 
aryl radical and described in greater detaS below have surprising and partJculariy advantageous prop- 
erties. 

The invention thus relates to compounds of the formula I, 




In which 

R1 is hydroxy], 1-4C.a[koxy. 3-70cycloalkDxy. S-TC-cydoalkylmethoxy or completely or predomi- 
nantly fluorine-substituted 1-4C-alkoxy, 

R2 is hydroxyl, 1-4C.aIkoxy. 3-7C-cycloaIicoxy. 3-7Csqrcloalkylmethoxy or completely or predomi- 
nantly fluorine-substituted 1-4C-alkoxy, 

OTVi which 
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R1 and R2 together are a 1-2C-aikylenedioxy group, 
R3 is hydrogen or 1-4C-aJicyl. 
R31 Is hydrogen or 1-4C-alkyl. 
or in which 

R3 and R31 together are a 1 -4C-alkylene group, 
R4 is hydrogen or 1-40all^1, 
R5 Is hydrogen. 
R51 is hydrogen, 
or in which 

R5 and R51 together represent an additional b<^d, 

At is an unsubstituted or R6- and/or R7-substltuted bl- or tricyclic radical of the formula la or lb, 
where 

G is a 5- or G-mentfiered ring which optionally can contain iq) to 3 rdentlcai or different h^moabMns 

selected from the group consisting of O and N, 
A is a bond. -CHa-. -CHa-CH,-. -CHrO-. -O-CHa-, -C(OK -0-, -N(H)-. -N-, ^H-. -CH=CH-. 

-N=CH-or-CH=N-, 
B Is a bond, ^H^. -C(O).. -0-. -N(H).. -N=. ^H= or -S(0)j-, 

R6 is hydroxyl. halogen, carbo^, nitro, cyano, amino, aminocarbonyl, mono- or dl-1-4C-alkylamino. 
mono- or di-1-4C>alkylaminocarbony4, 1-4C-alkyl, trtfluoromethyl. 1-4C-all<oxy, 1-4C-alkoxycar- 
bonyl. 1-4C-aikylcarbonyU>xy, 1-4C-alkylcarbonyl. 1-4C-allajxycarbonylaminb or completely or 
predominantly fluorine-substituted 1-4C-aikoxy. and 

R7 is hydroxyl, halogen, nItro, 1^4C-sdkyl or 1-4C-alkO)^. 

and the salts, tiie N-oxIdes and the salts of the N -oxides of these compounds. 

1-4C>Alkyl represents a straight-chain or branched alky] radfc»i having 1 to 4 carbon atoms. Examples 
wWch may be mentioned w the butyl, Isobutyi. se&4)utyl. tert-butyi, propyl. i8(q)nq>yl and preferably 
the ethyl and methyl radicate. 

I^C-Alkoxy represents radicals which, In addition to the ojygen atom, contain a straight-chain or 
branched alkyl radical having 1 to 4 carbon atoms. Examples whi<rfi may be mentioned are the butoxy, 
isobutoxy, seo-butoxy. tert-butoxy, propoxy, isopropoxy and preferably the ethoxy and methoxy radi- 
cals. 
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3-7CCycloalkoxy represents cydopropyloxy. cydobutytoxy. cydopentytoxy. eydohexyloxy and cydo- 
heptyloxy. of which cydopropyloxy, cyctobutyloxy and cydopentyloxy are preferred. 

3-7C^ydoalkylmethoxy represents cydopropyJmethoxy. cydobutylmethoxy. cydopentylmethoxy. cy- 
dohexylmethoxy and cydoheptylmethoxy. of whidi cydopropylmethoxy, cydobutylmethoxy and c^do- 
pentylmethoxy are preferred. 

As completely or predominantly fluorine-substituted 1-4C-aIkoxy. for example, the 2.2.3.3,3-pentafluo. 
ropropoxy. the perfiuoroethoxy. the 1,2.2-trifluoroelhoxy. in particular the 1.1.2^4elrafluoroethoxy. ttie 
2,2.2-trifluoroethoxy. the trifiuoromethoxy and preferably the difluoromethoxy radicals may be men- 
tioned. -Predominantiy- in this connection means that more than half of the hydrogen atoms are re- 
placed by fluorine atoms. 

1-2CAIkylenedloxy represents, for example, the methylenedioxy I-O-CIVO-] and the ethylenedioxy 
I-O-CHj-CHa-O-J radiMls. 

If R3 and R31 together have the meaning 1.4C-alkylene. the positions 1 and 4 in compounds of the 
fbmiula I are linked to one another by a 1-K>alkylene bridge. l^Calkyiene representing stralght^haln 
or brendied alkylene radicals having 1 to 4 carbon atoms. Examples which may be mentioned are the 
radicals methylene {^Hr]. ethylene I^^FVCH,-], trimethylene {-CH,-CtVCHr]. 1,2-dimethylethylene 
r-CH(CH3)-CH(CH,)-J and Isopropylidene [-CCCH,),-]. 

If R5 and R51 together are an additional bond, then the carbon atoms in positions 2 and 3 In com- 
pounds of the fomiula I are linked to one another via a double bond. 

Halogen within the meaning of the invontion is bromine, chlorine or fluorine. 

In additk>n to the nitrogen atom, mono- or di.1.4C-alkyiamino radicals contain one or two of the above- 
mentioned 1-4C-alkyl radicals. Di.1.4<>alkylamino Is preferred and here. In particular, dimethyl-, di- 
ethyl- or dnsopropylamino. 

in addition to the caitonyl group, mono- or di-1.4C-aikyiamlnocarbonyf radicals contain one of the abo- 
vementloned .mono- or di-l^ikylamino radicals. Examples whid^ may be mentioned are the 
N-methyl-. the N.N-dinwthyl-. the N-ethyl-. the N-propyl-. the N.N-diethyi. and N-isopropylaminocar- 
bcmyl radicals. 



1-4C-Alkylc^onyloxy represents a carbonyloxy group to whidi one of the abovementtoned 1-4C-alkyI 
radicals is bonded. An example which may be mentioned Is the acetoxy radical tCH,C{OH>-]. 
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1-4CAIIcylcarbonyl represents a radical which, in addition to the carl>onyl group, contains one of the 
at>ov8ineniioned 1-4C-alkyl radicals. An example which may be menttoned is the acetyl radical. 

1-4C-Alkoxycarbonyl represents a carbonyi group to whldi one of the aljovementioned 1-4C^koxy 
radicals is bonded. Examples which may be mentioned are the methoxycarbonyl [CHaO-CCO)-] and the 
etho)^cart)onyl [CHjCHjO-CCOH radicals. 

As a 1-4C-Ailcylcait»onylamlno radical, for example, the propionylamino IC,H7C(0)NH-1 and the ace- 
^lamino [CH3C(0)NH-] radicals may be mentioned. 

At represents an unsubstituted or R6- and/or R7-substttuted W- or trfcydic radical of the formula la or 
lb. 

In the aiyl radicals Ar of the formula la. G represents a 6- or 6-membered ring which optionaliy can 
contain up to three identical or different heteroatoms selected from the group consisting of O and N. 
The ring G can be monounsaturated (double bonding of the fused phenyl ring), polyunsaturated or 
aromatic. Exemplary aiyl radicals Ar of the fwrmula la which may be mentioned are indenyl. indanyi. 
naphthalenyl. indazolyl. quinolinyl. isoquinollnyl, phthalazinyi. quinoxalinyl, quinazolinyl, cinnolinyl, in- 
dolyl. 1H-ben2lmldazolyl. IH-benzotriazolyl. benzoxazolyt, benzofuranyl, chromanyl, 2.3-dihydroindolyl, 
2,3-dlhydrobenzofaranyl, 2>dlhydroben20l1.4]dloxlnyl and benzo[1.3]dioxolyl. The aryi radices Ar of 
the formula la can be present In unsubstituted form or can be substituted by R6 and/or R7, 

In the aryl radicals Ar of the fomiula lb. A represents a bond. -CHj-. -CHa-CHj-. -CHrO-. -O-CHa-, 
-C(0)-, -0-, -N(HK -N=, -CH= -CH=CH-, -N<;h- or -CH^N- and B represents a bond. -GHj-. -C(OK 
-0-, -CH=. -N(HK .N= or -S(0)2. The ring containing the atoms or groups of atoms A and B Is in this 
case 4-, 5-. 6- or 7-membered. Exemplary aryl radicals Ar of the fbmriula lb which may be mentioned 
are biphenylenyl. fluorenyl. phenanthrenyl. anthracenyl, phenanthrldinyl. acridinyl, phenazinyl. xanthen- 
yl. 9-oxo-9H-xanthenyl. 9-oxo-9l+-thloxanthenyl-10,10-dioxide. fluoren-9-onyt, anthraquinonyl. 5^xo- 
5H-dlbenz[a.dlcydoheptenyl. 10,11-dihydro-5H-diben2ola,dlcydoheptenyl, 11-oxo-6,11-dihydrodiben2- 
[b.e]oxepinyl. 10,11-dlhydro-5H<llben2|b,13a2epinyl, dibenzofuranyl and carbazolyi. The aryl radicals Ar 
of the formula lb can be present in unsubstituted ftxm or can be siAstituted by R6 and/or R7. 

The aryl radicals Ar of the fomnulae la and lb are condensed ring systems which cental at least one 
benzene ring. If the aryl radicals Ar of the fionrnilae la and lb only contain one benzene ting, the bon- 
ding to the phenanthrldine radical takes place via this benzene ring. If the aryl radicals of the fonnule la 
and lb contain a number of benzene rings, the bonding to the phenanthridbie radk»l takes place via 
one of these benzene rings. Relative to the bonding of the phenanthrldhw radteal, the ring systems 
fused to the t>en»ne ring can be bonded In the ortho/meta, and in the meta/para positions. 
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One embodrment of the compounds of the formula I according to the invention are those m which the 
bl- or tricyclic radical Ar is selected from the group consisting of naphthalenyi, qulnolinyl, 1 H-benzlmlda- 
zdyl, IH-benzotriazolyl. benzoftiranyl, 9<ixo-9H-thtoxanthenyH0.10-dioxide, fluoren-S-onyl or anthra^ 
quinonyl. 

Exemplary unsubsfituted aryl radicals erf the formulae la and lb which may be mentioned are the radl- 
cals naphth-.1-yU n^th-2-yl, anftracen-2-yl. phenazbi-2-yi, ftubren-l^, flucwren-2-yU fluofBn-3-y1, fluo- 
ren-4-yl, fiuoren-9-on-2-yl, fluoren-9-on-3*yl, fluoren-9.on-4-yl, 9-oxo-gH-xanthen-2-^, 9-oxo-9H-thk)- 
xanthen-3-yl-10,10-dio)dde, quino!in.&-yl, qulnoan-6-yl, quinoHn-T-yl, qulnolin-8-yl, inden-6-yl, lndol-4-yl, 
lndol-5-yl. indoW-yl, 2,3^lhydroindo1-5-yl. 2,3^lhydrolndol-6-yl. 2,3Klihydrobenzofuran-5-yl, 2.3-dihy. 
drobenzofuran-6-yl, benzofuran-5-yl, benzofuran-e-yl, chroman-6-yl. chroman-7-yl, 1H-benamldazol-5- 
yl, 1H-benzotriazol-5-yl, anthraqulnon-2-yl, dibenzofuran-2-yt, 2,3-drhydroben2o[1,4]dioxin-6-yl, 
ben2ot1,3]dioxol.5-yl. 5-oxo-5H-dibenzo[a,d}cyclohepten.2-yl, 10,1 1-dlhydro-5H-dibenzo[a.d]cyclohep- 
ten-2-yl, 11^xo-6,11-d[hydrodibenz{b^e]oxepin"2-yl and 10J1<l^ydro-SH-dibenz[b,f]azepin-3-yl. 

Exemplary R6- and/or R7-substituted aryl radicals Ar of ttie formulae la and lb Vfhtdx may be men- 
tioned are the radicals 7-difluoromethoxy-2-tsopropyl-benzofuran-4-yl, 1-bromonaphth-2-yl, 4.fluoro- 
naphth>1-yl, 1-hydroxy-4-bromonaphth-2-yl, 6-carboxynaphth-2-yl, 7-carboxynaphth~2-yi, e^carboxy- 
naphth-1-yi. 4-carboxynaphth*1-yl. 6Hmethoxycarbonylnaphth-2-yl, 4-nltrDnaphth-1-yl, 3,7-dihydroxy- 
naphth-2-yl, 6-acetoxyn^th-2-yl, 1,1-dimethyllndan^-yl, 7-nitrofluorm-1-yl, 2J-dlfluoro-9-03a3fluoren- 
4-yl, 7-nltrD-9-oxofluoren-2-yl, 7-nltro-9-oxonuorBn^yl, 7-carboxyl-9-oxofluoren-2-yl, 1,9-dlhydroxyan- 
thraquinon-3-yi, 2-methylben3dmida2o1-6-yl, 7;-hydrQxy-g^xo-9H-xanthen*2^, 5-chloro-9-axo-xanthen- 
2-yl, 6-chloro-9-oxo-9H-xanthen-2-yl, 5-nitroanthFaquinon.2-yl, 6-nitroanthraquifion-2-yl, 7-nltroanthra- 
quinon-2-yl and 8-nttroantiiraqutnon-2-yr. 

Possible salts for compounds of the formula I -depending on substitution - are all add addition salts or 
aU salts with bases. Particular mention may be made of the phanmacologically tolerable salts of the 
inorganic and origanic acids and bases custonf^arily used In pham^cy. Those suitable are, on the one 
hand, water-soluble and water-insohible acid addition salts with acids such as. for example, hydrochlo- 
ric add, hydrobromic add, phosphoric acid, nitric add, sulfuric add, ao^c add, citric add, D-gluconlc 
add, benzoic add, 2-(4-hydfDxybaia)yl)benzoic add, butyric add, sulfbsaltc^te add, maldc add, 
lauric add, malic add, fumaric add, succinic add, oxalic add, tartaric add, embonlc add, stearic add. 
tduMesulfonlc add, methanesulfbnlc add or 3-hydroxy-2-naphthdc add. It beoig possible to erT^>loy 
the adds in salt preparation - depending on uAiether a mono- or potybasic add Is concerned and de- 
pendnng on which salt is desired - In an equtmoiar quantitative ratio or one differing therefrom. 

On the other hand, salts with bases are also suitable. Examples of salts with bases which may be men- 
tioned are alkali metal (lithium, sodium, potassium) or caidum, aluminum, magnesium, titanium, am- 
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monium, meglumine or guanidintum salts, where here too the bases are employed h salt preparation in 
an equimdiar quantitative ratio or one differing therefrom. 

Phanmacologically intolerable salts which can Initially be obtained, for example, as process products in 
the preparation of the compounds according to the invention on an industrial scale are converted Into 
phanmacolotfcally tolerable salts by processes known to the person skDIed in the art 

it Is known to the person skilled In the art that the compounds according to the invention and their salts, 
w^en they are Isolated* for example, in crystailine form, can contain various amounts of solvents. The 
Invention ttierefore also comprises all solvates and in particular ali hydrates of the compounds of the 
fonnula I and also all solvates and In parBcular ali hydrates of the salts of the compounds of the for- 
mula I. 

Compounds of the formula I to be emphasized are those In which 

R1 is 1.2C-alkoxy. 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy or completely or predominantly fluori- 
ne-substituted 1-2C-alkoxy, 

R2 Is 1-20alkoxy, 3-5C-cycloalkoxy, 3-5C-cycioalkylmethoxy or completely or predominantly fluo- 
rine-substituted 1-2C-aikoxyp 

R3 is hydrogen, 

R31 Is hydrogen, 

R4 is hydrogen or 1 -2C-all^. 

R5 Is hydrogen, 

R61 is hydrogen, 

or in which 

R5 and R51 together represent an additional bonti, 

Ar is an unsubstituted or R6- and/or R7^ubstltuted bi- or tricydic radical selected from the group 
consisting of indanyl, naphthatenyl. fluorenyl, 9-oxo.9H-thioxanthenyH0.10-dioxide, phenan- 
threnyi, anthracenyl, benzofuranyl, indazolyl. quinolyl, isoquinolyl, phthalazinyi. quinoxaiinyl, 
quinazolinyl, cinnolinyl, indolyl, IH-benzimidazolyl. 1 H-benzotriazolyi. benzoxazolyl, fluoren-9- 
onyi, anthraquinonyl, dlbenzofuranyl, chromanyl, 2,3-dlhydrolndoiyl. 2,3-dlhydrobenzofiirBnyl, 
2,3-dihydrobenzo[1 ,4]dtoxinyl and benzo[1 ,3]dioxolyl, 

where 

R6 Is hydroxyl, halogen, carboxyl, rritro, amino, aminocarbonyl, 1-4Cnaikyl, 1-4C-alkoxy, 1-4C-alkyl- 
carbonytoxy, 1-4C-a]koxycarbon^ or completely or predominantly fluorine-substituted 1'^2C.aik- 
c»cy,8nd 

R7 Is hydroxyl, halogen, 1 -4C-alkyl or 1-4C-aikoxy, 

and the salts, the N-o)ddes and the salte of the N-oxUes of these compounds. 



wo 00/42019 



-7- 



PCT/EPOO/00152 



One embodiment of the compounds of the formula I to be emphasbced are those in which 

R1 is 1-20alkoxy, S-SC-cydoaikoxy. 3-50cycloatkylmethoxy or completely or predominantly fluo- 
rine-substttuted 1-2C-alkoxy. 

R2 Is 1-2C-alkQxy, 3-50cydoalko)V, 3-SC-cydoalkylmethoxy or completely or predominantly fluo- 
rine-substituted 1-2C-d]koxy. 

R3 Is hydrogen, 

R31 IS hydrogen, 

R4 Is hydrogen or 1-2C-alkyl, 

R5 is hydrogen, 

R51 Is hydrogen, 

or in which 

R5 &na R51 together represent an addittonsd bond, 

Ar Is an unsubstituted or R6- and/or R7-substituted bi- or tricydic radteai setectod from the group 
consisting of fridanyl, naphthaienyl. fluorenyl, 9-Qxo-QH-thioxanthenyl-IOJO-dloxkte. phenan- 
threnyl, anthracenyl, benzofuranyl, Inda2»lyi, quinoiyl. isoc^inolyl, phthalazlnyl, quInoxaHnyl, 
qmnazoHnyl, dnnolinyl, Indolyl, 1 H-benzimidazolyL IH-benzotriazoiyI, benzoxazdyl. fluoren-9- 
onyl, anthraqulnonyl, dibenzoftiranyl. chromanyl. 2,3-dihydroindolyl, 2,3-dlhydrobenzofLjranyl. 
2,3-dlhydrobenzo[1 »4]dioxlnyt and benzo[1 ,3]dk>xolyl, 

where 

R6 Is hydroxy!, halogen, carboxyl, nitro. amino, aminocarbonyl, 1-4C-alkyi, 1-4C-alkoxy, 1-4C-alkyl- 

carbonyloxy or 1-4C-aikoxycarbonyl, and 
R7 Is hydroxy], halogen, 1 -4(>aikyi or 1 -4C-aikoxy , 
and the salts, the N-oxMes and the salts of the N-oxMes of these compounds. 

Compounds of the fbrmtda I particuiariy to be emphasized are those in which 
R1 is 1-2&-aIkoxy, 
R2 is 1-2C-alkoxy, 

is hydrogen. 
R31 Is hydrogen, 
R4 is hydrogen or 1 -2C-ali^l, 
R5 is hydrogen, 
R51 is iiydrogen, 
or In which 

R5 and R51 togeUier represent an addittonsd bond« 

Ar is an unsutratltuted or R6- and/or R7-substituted bl- or tricydic radical selected from the group 
consisfing of Indanyl, naphthaienyl, 9-oxo-9H-thkMcanthenyH0,10-dtodde, fluoienyl, anthracenyl, 
benzofuranyl, qulnolyl, isoqulnolyl. phthalazinyl, quinoxailnyi, quinazollnyl, dnnolinyl, indolyl, In- 
dazolyl, 1H-bena*nldazolyl, 1 H-benzotriazolyl, bermxazolyl, fluoren-9-onyl, anthraqulnonyl, di- 
benzofwanyl, 2,3-dlhydrobenzo[1 ,4Jdkixinyl and ben20[1,3Idloxolyl. where 
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R6 is hydraxyU halogen, carboxyl, nitro, anuno, amlnocarbonyl, 1-4C-alkyl, I^C-dkoxy, 1-4Cnalkyl- 
carbonyloxy, 1-4C-Blkoxycarbonyl or completely or predominantly fiuorlne^ubstituted 1-2C-al)c- 
oxy, 

R7 is1-40alkyl, 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

One embodiment of the compounds of the formula I particularly to be emphasized are those In which 

R1 is 1-2C^alkoxy. 

R2 js 1-2C-altu»cy, 

R3 Is hydrogen. 

R31 is hydrogen. 

R4 is hydrogen on -aC-alkyl, 

R5 Is hydrogen. 

RSI Is hydrogen. 

or In which — 
R5 and RSI together represent an additional tiond. 

Ar is an unsubstituted or R6.substituted bi- or tricyclic radical selected from the group consisting of 
indanyl, naphthalenyl, 9-oxo-9H*thioxanthenymo,10-dioxld6, fluorenyl. anthracenyl, benzofuranyl, 
quinolyl, isoquinoiyi, phthalazinyl, quinoxaUny), quinazolinyl, cinnolinyl, indoiyl. indazolyl, 
IH-benztmidazolyl. IH-benzotriazolyi. benzoxazolyl, fluoren-9-onyl, anthraquinonyl, dQ>enzDfij- 
ranyl, 2.3-dihydrobenzo[1 ,4]dioxlnyl and benzoll ,3Jdioxolyl, where 

R6 is hydroxyl, halogen, caitooxyl. nitro. amino, aminocarbonyl, 1-4C-aIkyl. 1'4C-alkoxy, 1-4C^lkyl- 
carbonylo)^ or 1-4C-alkaxycarbonyl. 

and the salts, the N-oxides and the salts of the N-oxides of these compounds. 

Preferred compounds of the formula I are those in whtc^ 
R1 Is methoxy. 
R2 is methoxy, 

R3, R31, R4, R5 and RS1 are hydrogen, 

Ar Is a radical selected from the group consisting of 7-difluoromethoxy-2-isopropyl-benzofuran-4-yl, 
naphthalen-2-yK quinolin-6-yl, 1 H-benzlmldazoi-5-yl, 2*methy[benzimtdazol-5-yl, 1H-benoztriazol- 
5-yl, 2.3-dihydrobBnzo[1,4]diox!n-6-yl. benzo[1,3]dioxol-5-yL lO.IO-dlcMcothloxanthen-g-on-S-yl, 
fluoren-9-on-2-yl and anthraquinon-2-yl, 

and the salts, ttie N-oxIdes and the salts of the N-oxides of these compounds. 

One embodiment of the preferred compounds of the formula I are those in which 
R1 Ismetho)^, 
R2 Is m^oxy, 

R3, R31 . R4, R5 and R51 are hydrogen, 
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At is a radical selected from the group consisfing of naphthaferh2-y|. quinolirv6-yl. 1 H-benzimidazol- 
5-yl, 2-methylbenzImklazol-5-yl, 1 H-benozlriazoJ-S-yl, 2.3-dlhydroben20Il,4]dloxin-&^. benzo- 
(1.3]dtoxol-5-yl, 10.10-dioxothioxanthen-9-on-3-yl, fluoren-9-on-2-yl and Bnthraqubion-2-yl. 

and the salts, the N-oxides and the saJts of the Nnnddes of these compounds. 

The compounds of the fomruda J are choral compounds having ohirai centers in positions 4a and 10b 
and. depending on the meaning of the substituents R3, R31, R4, R5 and R51. further chirai centere in 
the positions 1 , 2, 3 and 4. 



Numbering: 




The invention therefore comprises aH conceivable pure diastereomers and pure enantiomers and their 
mixtures in any mixing ratio, including the racemates. The compounds of the fbrmuia i are pretaned In 
which the hydrogen atoms In posHions 4a and 1 0b are cis to one another. The pure cis enantiomers are 
particulariy preferred. 

In this connection, particularly preferred compounds of the fomiula I are those in which positions 4a 
and 10b have the same absolute amflguratlon as the compound (-)-cis-1 ^-dimetho)y-4-{2-amtao- 
cydohmyi}benzene employable as a starting compound and harfng the optical rotation M " = -sa^' 
(c= l.edianoi). 

The enantiomers can be separated In a manner loiown per se (for example by preparation and separa- 
tion of appropriate diastereolsomeric compounds). Preferably, an enantiomer separation is carried out 
at the stage of the starting compounds of the fonnuta IV 
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for exampJe by means of satt formation of the racemic compounds of the fomiula IV with optically active 
cartwxylic adds. Examples which may be mentioned in this connection are the enantiomeric forms of 
mandeJic acid, tartaric acid, O,0-dibenzoyltartaric acid, camphoric acid, quinlc add, glutamic acid, 
malic acid, camphorsulfonic acid, 3-bromocamphorsuifonic acid, a-methoxyphenylacetic acid, a-meth- 
oxy-a-trifhioromethylphenylacettc add and 2-phenyipropionic add. Alternatively, enantiomerlcaUy pure 
starting compounds of the formula IV can also t>e prepared via asymmetric syntheses. 

The preparation of the compounds of the fonnula 1 In which R1, R2, R3, R31 , R4, R5. R51 and Ar have 
the meanings Indicated above and their salts can be carried out, ftw example, by the process described 
below in greater detail. 

The process comprises cydocondensing compounds of the formula II 




. Ar 



in which R1, R2, R3. R31, R4. R5, R51 and Ar have the meanings indiCTted above, and, optionally, 
then converting the compounds of the formula I obtained into their salts, or, optionally, then converting 
salts of the compounds of the formula I obtained frito the free compounds. 

Compounds of the formula J obtained can be converted, optionally, into further compounds of the for- 
mula I by derivatizatloh. 
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For example, from compounds of the fommila i in wHch 

a) R6 represents an ester group, it is possible by means of acidic and alicaiine hydrolysis to obtain 
the corresponding adds, or it is possible by reaction witli suitaMy substituted ambies to prepare 
the corresponding amides; 

b) R6 repres»its a 1-4C-aUqrlcarbonyloxy group, it is possible by means of addtc or alkaline hy- 
drolysis to obtein ttte correspondhg hydroxyl compounds; 

c) R6 and/or R7 represent a nitro group, it is possbie by means of selective catalytic hydrogenatlon 
to obtain the corresponding amino compounds, which for thefa- part can be further derivatized 



The methods mentioned under a), b) and c) are expediently canted out analogously to the methods 
known to the person skBled n the art. 

In addition, the compounds of the formute I can be converted, opfionally, into thwr N-oxides. for exam- 
pie with the aid of hydrogen peroxide In nrxethanol or with the aid of m-chioroperoxybenzolc acid in di- 
diloromethane. The person skOied in the art is familiar on the basis of his/her expert knowledge writh 
the reacHon conditions whtah are spedficaliy necessary for carrying out the N-oxidatton. 

The cydocondensatton is canled outin a manner known per se to the person skliled In the art, accord- 
ing to Bischier-Napieralskl (e.g. as described in J. Chem. Soc.. 1956, 4280-4282) In the presence of a 
suiteble condensing agent, such as. for example, potyphosphoric acM. phosphoms pentachloride, 
phosphorus pentoxide or prefisrably phosphoms oxychtoride, in a sultabte Inert solvent. e.g. in a chlo- 
rinated hydrocart>on such as chtorofbnfn. or h a cydOc hydrocarbon such as toluene or xylene, or an- 
other inert solvent such as acetonitrile, or without further solvent using an excess of condensing agent, 
preferably at elevated temperature, in particuter at the boBIng temperature of the sohrant or condensing 



Compounds of the Ibnnula li in whteh R1. R2, R3, R31, R4. R5. R51 and Ar have the meanings indi- 
cated above are accessible finom the conre^nding compounds of the fonnula IV, in whtoh R1 , R2, R3, 
R31 . R4. R5 and R51 have the meanings indicated above, by reaction with compounds of the fomiula 
III. 



again. 



agent used. 




(Ill) 
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In which Ar has the meanings indicated above and X represents a suitable leaving group, preferably a 
chlorine atom. For example, the acylation or benzoylation is canried out as described in the following 
examples or as in J. Chem. Soc. (C), 1971, 180S-1808. 

Compounds of the formula III and compounds of the formula IV are either known or can be prepare in 
a known manr^r. 

The compounds of the formula IV can be prepared, for exampJe. from compounds of the fonnula V, 




in which R1, R2. R3, R31, R4. R5 and R51 have the abovementioned meanings, by reduction of the 
nltro group. 

"me reduction is carried out in a manner known to tfie person skilled in the art, for example as de- 
scribed in J. Org. Chem. 1962, 27, 442B or as described in the foDowfrig exanipies. 

The reduction can be carried out, for example, by catalytic hydrogenation, e,g. in the presence of Ra- 
ney nickel, in a lower alcohol such as methanol or ethanol at room temperature and under normal or 
elevated pressure. Optionally, a calalytk: amount of an add, such as, for example, hydrochloric acid, 
can be added to the solvent Preferably, however, the reduction is carried out using metals such as zinc 
or Iron with organto acids such as acetic add or mineral acids such as hydrochloric acid. 

The compounds of the fomnula IV In whteh R1, R2, R3, R31 and R4 have the meanings indicated above 
and R5 and R51 together represent an addittonal bond can be prepared ftrom the corresponding com- 
pounds of the formula V by selective reduction of the nltro group in a manner known to the person 
sknied in the art, for example In the presence of Raney ntekel in a fower alcohol as solvent using hydra- 
znie hydrate as a hydrogen donor. 

The compounds of the formula V, In which R1 , R2, R3, R31 and R4 have the meanings indicated above 
and R5 and RSI are hydrogen, are either known or can be prepared from corresponding compounds of 
the formula V in vrtiich R5 and R51 together are an additional bond. The reaction can be canled out In 
a manner known to the person skilled In the art, preferably by hydrogenation in the presence of a cata- 
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lyst, such as. for example, paDadium on active carbon. e.g. as cfescribed in J. Chwn. Soc. (C). 1971, 
1805-1808. 

The compounds of the formula V. In which R5 and R51 together are an additional bond, are either 
lamwn or can be obtained by the reaction of compounds of tiie formula (VI) 




in wirtiich R1 and R2 have the meanings mentioned above, with con^unds of the formula VII 

R3-CH=C(R4)-C(R4)sCH-R31 (VII) 

in which R3, R31 and R4 have the meanings mentioned above. 

Compounds of the formula V, in which R5 and R51 together represent an additional bond aid R3 and 
R31 together are a 1-4C-alkylene group can, for example, be obtained by reaction of cyclic compounds 
of the formula VII. fin which R4 has the above-mentioned meanings and R3 and R31 together are a 
1-4C-a«tyiene group (far example cyclohexa-1,3-dlen, 2,3-dimethyicyclohexa-1,3-dien, cyclohepta-1,3- 
dien. 2^lmethylcyelohepta-1 ,3-dien or cydoocta-1 ,3Klien] with compounds of the formula VI, In which 
R1 and R2 have the above-mentioned meanings. 

The cycfoaddltion is In this case canled out in a manner Icnown to the person sidled in the art according 
to Diels-Alder, e.g. as described in J. Amer. Chem. Soc. 1957, 79, 6559 or in J. Org. Chem. 1952, 17, 
581 or as descrttted in me following scamplea. 

Compounds of the formula V obtained in the cydoaddltion. in which the phenyl ring and the nitro group 
are trans to one another, can be converted in a manner loiown to the person skUled in the art into the 
corresponding ds compounds. e.g. as described in J. Amer. Chem. Soc. 1957, 79. 6559 or as de- 
scribed in the following examples. 

The compounds of the fbnnuiae VI and VII are eifher known or can be prepared in a known manner. 
The compounds of the formula VI can be prepared, for example. In a manner known to the person 
skOled in the art from connesponding compounds of the fommda VIII as descrbed in J. CSiem. Soc. 
1951. 2524 or In J. Org. Chem. 1944. 9. 170 or as described in the fbllovifing examples. 
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The compounds of the formula ViN. 



R2 




CHO 



(VIII) 



R1 



in which R1 and R2 have the meanings indicated above, are either known or can be prepared in a 
manner known to the person sidlled in the art. as described, lor example, in Ber, Dtsch. Chem. Ges. 
1925. 58, 203. 

It is moreover known to the person sklHed In the art that if there are a number of reactive centers on a 
starting or intennedlate compound it may be necessary to btock one or more reactive centers tempo- 
rarily by protective groups in order to allow a reaction to proceed spedficaily at the desired reaction 
center. A detaiied description for the use of a large number of proven protective groups is ftjund. Ibr 
example, In T.W. Greene, ProtecCve Groups in Organic Synthesis. John WBey & Sons, 1891 . 

The isolation and purification of the substances according to the invention is carried out in a manner 
known per se, e.g. by distiOing off the solvent In vacuo and recrystaUizing the resulting residue from a 
suitable solvent or subjecting it to one of the customary purification methods, such as. for example, 
column dvomatography on suitable support material. 

Salts are obtained by dissolving the free compound in a suitable solvent (e.g. a ketone, such as ace- 
tone, methyl ethyl ketone or methyl isobutyl ketone, an ether, such as diethyl ether, tetrahydrofuran or 
dtoxane, a cNorinated hydrocarbon, such as methylene chkiride cm- chloroform, or a low rrralecular 
weight aliphatic alcohol such as ethanoi or isopropanoi) whfch contains the desired acid or base, or to 
whfch the desired add or base is then added. The salts are obtained by filtering, repredpKatBig. pre- 
dfritating with a nonsolvent for the addition saK or by evaporating the solvent. S^ obt^ftied can be 
converted by alkalization or by acidlfteation Into tt»e free compounds, which in turn can be converted 
Into salts. In this way. pharmacologically intolerable salts can be converted Into phamiacologicaliy tol- 
erable salts. 

The following examples serve to illustrate the invention further wltliout restricting it. Likewise, further 
cwnpounds of the formula I, whose preparation is not expltoitly described, can be prepared in an analo- 
gous manner or in a manner fentiliar per se to the person skilled In the art using customary process 
technk^ues. 
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In the examples, m.p stands for melting point, h for haur(s)» RT for room temperature, EF for empirical 
formula, MW for molecular weight, calo. for calculated, fnd. for found. The compounds mentioned m the 
examples and their salts are a preferred subject of the invention. 
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Examples 

Final products 

1' (-H;l8-6-Ben2ori^ldtoxol.S^.8.9-dirnet hoxv-1^.4^.10b-hexahvdrephenanthridlne 

6.0 g of (-)-cte-NH2-{3.4-dirnethoxyphenyl)cyctohexyn-3.4-methylenedioxybenza^ (compound A1) 
are dissolved in 100 ml of acetonitrile and 3.0 ml of phosphoryl chloride and the solution is stirred at 
BO'C tor 3 h. The reaction mixture te concentrated under reduced pressure and the residue is treated 
wrtth sodium hydrogencartwnate solution and extracted with ethyl acetate. The organic i^iase is dried 
using sodium sulbte and concoitrated. After chromatography on silica gel using petroleum ether 
(lowyethyl acetateAriethylamine in the ratio 7.5/1 .5/1. 2.36 g of the title compound are obtained. 

EF: C22H2JNO4: MW: 365.43 

Elemental analy^: calc: C 72.31 H 6.34 N 3.83 

fhd. : C 71 .82 H 6.68 N 3.95 

Optical Rotation: [a]^ = -89.3" (c=0.2. ethanol) 

Starflng from the starting compounds described below, the fbUowing are obtained by the procedure 
according to Example 1 : 

2- (•)-cls-8.9-Dlmethoxv^ulnolln-6^-1.2. 3^^.10b-hexahvdrophenanthridlna 

EF: CaH^NjOz; MW: 372.47 

Elements enalysis >c 0.5 HjO: calc: C 75.57 H 6.61 N 7,34 

find. : C 75.86 H 6.68 N 7.1 1 

Optical Rotation: [a] ^ = -132.6' (c»0.2, ethanol) 

3- (-)-cls»8.9-Dlmethoxy-6-< 23-dih vdrobenzoM .4ldioxln-6^)-1 ^.3^.43.1 Ob-hexahydro- 
phenanthridine 

EF: CgH2sN04; MW: 379.46 

Elemental analysis x 0.5 HjO: calc: C 71 .11 H 6.7S N 3.61 

fnd. : C 71.28 H 6.81 N 3.46 



Optical Rotation: 



[o]^ = -78.3» (c=0.2, ethanol) 
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(-Kl8-6^1H-Benzotriazol-5^>.B.9^lmelhoxv-i ^.3A4a.10b4iexahydrop 

EF: C2iH22N40a; IWW: 362.44; .47; m.p. 213-214'C 
Bemental analysis x 0.4 HjO: calc. : C 68.24 H6.22N15.16 

fnd. : C 68.50 H 6.13 N 15.01 

Optical Rotation: („] = .108.4» (c=0.2. ethanol) 

(•)-cte-8,9.Dlmethoxv-6-naDhthalen-2-v1-l.2. 3^^.10b-hexahvdrophenanthridln^ 
EF: CasHjsNO,; MW: 371 .48 

Elemental analysis x 0.16 HjO: calc: C 80.16 H 6.82 N 3.74 

fnd. : C 80.21 H 6.98 N 3.65 

Optical Rotation: [a] ^ = -120.3- (c*0.2, ethanol} 

«• (•)-cis^.9.plmethoxv-6^10.i0 Hitoxothloxatrthen-9<>n.3^^1.2.3.4^a.10b-hexahY^^ 
phenanthridlne 

EF: CasHasNOsS; MW: 487.58 

Elennenlal analysts: calc.: C 68.98 H 5.17 N 2.87 

Ind. : C 69.17 H 5.20 N 2.84 

Optical Rotation: [a]^ = .2»3« (c=0.2, DMF) 

(^)-c»s^>9-Plmgthoxy.€-<fluoren.9^n^:vn-1.2^ ^ ^.10b-hexahvdrophenanth^ hy ri»>. 
chloride 

EF: CjsHzsNOs x Ha MW: 459.98 

«H-NMR (200 MHz. DMSO^le): 1.28-1.95 ppm (m. 7H). 2.21-2.4 ppm (m. 1H). 3.1.3.21 ppm (m. 1H). 
3.66 ppm (8. 3H). 3.98 ppm (s. 3H). 4.17-4.3 ppm (m. 1H). 6.88 ppm (s. 1H). 7.3 ppm (s. 1H). 7.47-7.58 
ppm (m. 1H), 7.68-7.81 ppm (m. 2H). 7.95-8.18 ppm (m. 4H). 

Optical Rotation: [a]^ » +i20» (c=0.2. ethanol) 

(-)^<8-8ffl-Plmethexv-6-fanthraciulnon.2^1-1.2 ^ .4^10b-h«ahydroohenaiithridin.^ 
EF: C29H25NO4: MW: 451.53; m.p. 213-214.5"'C 
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Bemental analysis: calc.: C 77.14 H 5.58 N 3.10 

fhd. : C 77.33 H 5.63 N 3.39 

Optical Rotation: M „ = -310.r (c=Oi, DiWF) 

9- (-)-cis-641H-Ben2lmldazol- 5-vl>-8.»<ilmethoxv-1^3.4.4a.10b-hexahvclrophenanthridlna 

EF: CaaHjjNjOi: MW: 361.45 

R,: 0i5 (silica gel. neutral, PE:EA:TEA: MoOH = 3:6:1:1) 
Optical Rotation: (aj^ = -60" (c=0.2, ethanoi) 

10. (-)-d»-8.a-DlmethQxv-6-(2 HT»ettwl-3H-benzlmidagoi-S^fl)-1.2.3.4.4a.10b-hexahvdrophenan- 
thridina 

EF: CaaHaNjOz: MW: 375.47 

R,: 0.42 (silica gel. neutral. PE:EA:TEA: MeOH = 3:6:1:1) 
Optical Rotation: [a] ^ = -84» (c=0.2, ethanoi) 

11- f-)-cte>6-t7-Pifluoromet hoxy-24sopror>vlban20f uran-4-vn-8.9-dimetiioxv-1 ^.3.4 Ai.1 Ob- 
haxahydroptienanthridlne 

EF: Car N O*: MW: 469.53 

R,: 0.66 (silica gel. neutral, PE : EE : TEA = 3:6:1) 

Optical Rotation: [«] » = ^7.7* (c»0.2. ethanoi) 

Starting compounds 

A1- t-)<ls-N-r2.(3.4^3lmeth oxyphenvncycloh«cvlT-3.4-niethvlenedlDx^engamlde 

4.0g of (-)-cis-1.2-dimethoxy-4-(2-aminocyclohexyl)ben2ene (compound B2) are dissolved in 100 ml of 
methylene chloride and 5.0 ml of triethylamine. A solution of 3.8 g of 3,4Hnethylenedioxyben2oyl chlo- 
ride in 50 ml of methylene chloride is added drc^lse at RT and the mixture is extracted with 100 ml 
each of water, 2N hydrochloric add, satd. sodium hydrogencart>onate solution and water again after 
stirring ovemighL The oi^anlc phase is dried using sodium sultate and concentrated. 6.2 g of the tiUe 
compound are dat^ed. 
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Opticar Rotation: [a] ^ = -159.5' (c=0.2, ethand) 

Starting from the starting compounds desattiecl below, the following are obtained by the procedure 
accordirtg to Example A1: 

A2. f-)-cis-Qulnoline-6-carbox vHc acid rz-f3,4-dlmethoxvDhenvncvciohe)orilamide 

M.p. 149-1 55*C 

Optical Rotation: [o]^° = •202.4' (c=0.2. ethanol) 

A3. (->-cls-N42-f3.4-Dimethox yphenvllcvclohexvn-3.4-ethvlenedioxvben»amlde 

on 

Optical Rotation: [a] » = .167.9- (c=0.2. ethanol) 

A4. {-)-cls-riHl-Bei«otriazole-5-carboxvHc a dd l2-f3^-dlmethoxvphenvl)cyclohexvnamlde 

M.p.:219-220.5'0 

Opticei Rotation: [a] ^ = -IBS* (c=0.2. ethanol) 

AS. (-)-cls.4^aphthyl-2>cart>ox vllc acid l2-f3.4-dlniethoxvphenv»cvctohexvnamlde 
M.p. 1^-1 53'C 

Optical Rotation: [aj ^ = -244« (o=0.2, ethanol) 

M-CtS^-l 0.1 0-Triexo-9.1 0-dHivrirB-10X«.^htoicanth e ne-3-carbo»v|lc acid f2-f3.4-dimeth. 

oxyphenypcvclohexvllamlde 

solldilying on 

Optical Rotation: [aj^ = -200» (c=0.2, ethanol) 

(-)-clg^-Oxo-f9H14luDrene-2-earboxvllc aci d l2^3^imethexvphenvnevclohexvnamide 
M.p. 174-177.5"C 

Optical Rotation: [a] ^ = -255.8° {c=0.2, ethanol) 



wo 00/42019 PCT/EP00m01S2 

.20- 

A8. (-)^ls^.10^loxo-9,10-dlhydrDanthracene-2H»rfaoxyJic acid r2-t3,4-dlmettioxvphenvl)cv- 
clohexynamlde 

M.p. 224-228*0 

Optical Rotation: [a]^^ - -228.6' {c=0^. DMF) 

(')-cis^^riH1«Bena!imldazole-5-carboxylic acid r2-(3^dlmflthoxyphenv»cvciohexvl1amlde 

oU 

Optical Rotation: [aj^ = -183.6* (c=Oi, ethanol) 

A10. (-)K:is-2-MBthyl-riH14ienzimidazoie-S-carboxyHc acid r2-{3,4-dimethoxvphenv»cyciohexvn- 
amide 

oil 

Optical Rotation: [a] ^ = -131 .r (c=0^. ethanol) 

All. (-)-c!s-7-(1 . 1 -Off luormethoxy)-2Hsoproi>ylfaenzof uran^arboxyllc acid r2-(3.4-dimethoxv> 
phenyDcyclohexyllamlde 

M.p. 123-125 X 

Optical Rotation: [a]^ = .75* (c=0.2, ethanol) 

B1 (-i-M^ls-l .2-Plmethoxy«4*(2>ami nocyciohexyl)benzene 

125 g of (+/-)-cis-1,2-dimethoxy-4-(2-nltrocyclohexyl}benzene and 120 g of zinc powder or granules are 
suspended In 1300 ml of ethanol. 220 ml of acetic acid are added dropwise at boiling heat. The pre- 
cipitate is filtered off with sucHon and washed with ethanoL and the filtrate is conoentrBted under re- 
duced pressure. The residue is taken up In hydrochloric acid and extracted witti toluene. The aqueous 
phase is rendered alkaline using 50% strength sodium hydroxide solution, the precipitate is filtered off 
with suction and the filtrate is exiracted wltii toluene. The organic phase is dned using sodium sultete 
and concentrated. 98 g of Uie title compound are obtained as a crystaliiztng oH. 

Altemativeiy: 



8.5 g of (+/-)-cte-1 ,2-dimethoxy-4-(2-nitrocyclohexyl)benzene are dissolved In 400 ml of methanol and 
treated with 7 ml of hydrazine hydrate and 2.5 g of Raney nickel in portions in the course of 8 h. After 
stining ovemlght at RT, the reaction mixture is filtered, the filtrate is concentrated and the residue is 
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chromatographed on stiica gel using a nuxture of toluene/ethyl acetateftriethylanriine » 4/2/0.5. The tftte 
Gompound is obtained as an oil. 

B2. ('■>cls*1.2>Dimethoxv>442-aminocyclohaxyl)benzene 

12.0 g of ('•*/-)-cis-1,2-diniethoxy-4-(2-aminocydohexyl)benzene and 65 g of (O-mandeUc acid are dis- 
solved in 420 ml of dioxane and 60 ml of tetrahydrofuran and the solution is sttnred overnight at RT. The 
solid Is filtered off with suction, dried, treated with 100 ml of saturated sodium hydrogencarbonate solu- 
tion and extracted writh ethyl acetate. The (organic phase is dried usvig sodium sulphate and ooncen- 
trated under reduced pressure. 4.8 g of ftie.title compound are obtained of m.p.: 60*^1 .5*C. 
Optical rotation: [a] ^ = -58.5*C (c = 1 , ethanol). 

C1, W.)-cis-1,243lmethoxy^2>nltro€yciohex-4-enyl>benzene 

10.0 g of (-^/-Ktrans-1^^irneftoxy-4^2-riitrocyclohex-4-enyl)b^^ and 20.0 g of potassium hydrox- 
ide are dissolved In 150 m! of ethanol and 35 ml of dimethylfbrmanrAJe. A solution of 17.5 ml of cone, 
sulfuric acid in 60 ml of ethanol is then added dropwise such that the internai temperature does not 
exceed 4'C. After siining for 1 h, the mixture Is added to 1 I of ice water, the precipitate Is filtered off 
with suction, washed with water and dried, and ^e crude product is recrystatlized from ethanol. 8.6 g of 
the title compound of m.p. 82.5-84*'C are obtained. 

C2. (■i^-)-cls-1,2>Dlmethoxv«4^2»nitrocvc!ohexyflbenzene 

8.4 g of (+/-)-ds-1,2-dbnethoxy-4-(2Hriitro€yclohex-4-enyi}benzene are dissolved in 450 ml of methanol, 
treated with 2 mi of cone, hydrochloric add and hydrogenated after addition of 500 mg of 1 0% strength 
Pd/C. The reaction mbcture Is filtered and the filtrate is concentrated. M.p.: 84-86.5*'C. 

D1. W-V-trans-1>2^)lmethoxy^2-nltrocyclohex^ enyPbenzene 

50.0 g of 3,4-dimethoxy-a»-nitrostyrene and 1.0 g (9.1 mmol) of hydroquinone are suspended In 200 ml 
of abs, toluene and treated at -TO^C with 65,0 g (1 .02 mol) of liquid 1 ,3-butadjene. The mixture is stinted 
at 160X for 6 days In an autoclave and then cooled. Some of the solvent is removed on a rotary 
e^^^iorator, and the resulting precipitate is filtered off with suction and recrystalllzed in ethanol. M.p.: 
1 13.5-1 15.5*C. 
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El. a^tmethoxv-m-nitmrtwnanB 

207.0 g of 3.4-dimethoxyben2aWehyde. 100.0 g of ammonium a<»tate and 125 ml of nliromethane are 
heated to boOing for 3-4 h in1.0 1 of glaciaJ acetic add. After cooling in an ice bath, the precipitate Is 
filtered off with suction, rinsed with glacial acetic acid and petroleum &Q\er and dried. M.p.: 140-141'C. 
Yield: 179,0 g. 
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Commercial appllcafaUttv 

The compounds according to the invention have valuable phamnacdoglcad properties which make them 
commercially utQlzable. As selective cyclic nudeotide phosphodiesterase (PDE) inhBiitors (namely of 
type 4), they are suitable on the one hand as bronchial therapeutics {for the treatment of airway ob- 
structions on account of their dilating but also on account of their respiratory rate- or respiratory drive- 
increasing action) and for the elimination of erectile dysfunction on account of the vasodilating actfon, 
but on the other hand espectaliy for the treatment of disorders, in particular of inflammatory nature, e^g. 
of the airways (asthma prophylaxis), of the skm, of the central nervous system, of the intestine, of the 
eyes and of the joints, which are mediated by mediators sue*) as histamine, PAF (platetet-activating 
factor), arachldonrc add derivatives such as leukotrienes and prostasNrulnis; cytokines, interteuklns. 
chemoklnes, alpha-, beta- and gamma-lnterieron. tumor necrosis factor (TTsIF) or oxygen radicals and 
proteases. The compounds according to the Invention are distinguished here by low toxicity, good en- 
teral absorpUon {high bioavaSabBity), a large therapeutic breadth and the absence of significant side- 
effects. 

On account of their PDE-inhlblting properties, the compounds according to the Invention can be em- 
ployed in human and veterinary medicine and therapeutics, where they can be used, for example, for 
the treatment and prophylaxis of the foUowing illnesses: acute and chronic {in particular inflammatory 
and Bliergen-lnduced) ainvay disorders of various origins {bronchitis, allergic bronchitis, bronchlai 
asthma, emphysema, COPD); dermatoses (especially of proliferative. Inflammatory and allergic type) 
such as, for example, psoriasis (vulgaris), toxic and allergic contact eczema, atopic eczema, sebon-heic 
eczema, lichen simplex, sunburn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, 
discoid lupus erythematosus, foBicular and wide-area pyodermlas. endogenous and exogenous acne, 
acne rosacea and other proliferative. Inflammatory and allergic skh disordm; disorder which are 
based on an excessive release of TNF and leukotrienes, e.g. disorders of the arthritis type (rheumatoid 
arthritis. rtieumatoEd spondylitis, osteoarthritis and other arthritic conditions), disorders of the immune 
system (AIDS, multiple sderosis). graft-versus-host reactions, transplant rejectton reactions, symptoms 
of shock [septic shock, endotoxin shock, gram-negative sepsis, toxic shock syndrome and ARDS (aduK 
respiratory distress syndrome)], and generalized inflammations in ttie gastrointestinal area (Crohn's 
d'sease and ulcerative <x>litis); disorders which are based on allergic and/or chronic, faulty immunologi- 
cal reactions in the area of the upper ainways {pharynx, nose) and the adjacent regions (paranasal si- 
nuses, eyes), sudi as, for example, anergic rhinltis/sinusftis. chronic rhinitis/sinusitte, allergic conjuncti- 
vitis and nasal polyps; but also disorders of the heart which can be treated by PDE Inhrbitors. suc^ as, 
for example, cardiac InsufBdency, or disorders whldi can be treated on account of the ttesue-relaxant 
action of the PDE IrtilbitcKs, such as, for example, erectie dysfunctton cm- colics of the kidneys and the 
ureters In connectton wl&i kklney stones. In addition, the compounds according to the invention can be 
employed for the treatment of diatietes in^hhis and disorders In connection with disturbances of brain 
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metaboUsm, such as, for example, cerebral eenBity. senOe dementia (Alzheimer's dOTientla), muJtlm- 
ferct dementia or alternatively disorders of the CNS. such as, for example, depressions or arteriosde- 
rollc dementia. 

A further subject of the invention is a process for the treatment of mammals, Including man, which are 
sufTering from one of the abovementloned IHnesses, The process comprises administering to the stek 
mammal a therapeutically efficacious and pharmacologically tolerable amount of one or more of the 
compounds according to the invention. 

The invention further relates to the compounds according to the Invention for use in the treatment of 
mammals^ including man, which are suffering from one of the abovementloned illnesses. The process 
comprises administering to the sick mmmal a therapeutically efficacious and phannacoioglcally toler- 
able amount of one or more of the compounds according to the invention. 

The Invention further relates to the compounds according to the InvenBon for use In the treatment 
and/or prophylaxis of Binesses, in particul^ the BInesses mentioned. 

The invention likewise r^ates to the use of the compounds according to the inventfan for the producBon 
of medicaments whteh are employed for the treatment an*or prpphylaxte of the BInesses menttoned. 

Medkaments for the treatment and/or prophylaxis of the Illnesses mentioned, which contain one or 
more of the compounds according to the Hfivention, are furthermore a subject of the inventton. 

A further subfect of the inventton Is a commercial product, consisting of a customary secondary pack, a 
primary pack containing the medicament (for example an ampoule or a blister pack) and. optionally, a 
pack Insert, the medicament exhflalting antagonistic action agamst cqrclte nucleotMe phosphodiester- 
ases of tfpe 4 (PDE4) and leading to the attenuatfon of the symptoms of BInesses whtoh are connected 
with cyclic nucleotkle phosphodiesterases of type 4, and the suttabfiify of the medk»ment for the pro- 
phylaxis or treatment of BInesses whtoh are connected with cydte nucleotkle phosphodiesterases of the 
type 4 being indlrated on the secondary pack and/or on the pack insert of the oommerdal product, and 
the medicament conteining one or more compounds of the formula I according to ttie Invention. The 
secondary pack, the primary pack containing the medicament and the pack insert othenwise comply 
with what would be regarded as standard to the person skBled In tfie art for medicaments of this type. 

The medtoaments are prepared by processes which are known per se and famBiar to the person skilled 
bi the art. As medicaments, the compounds according to the Invention (= active compounds) are either 
employed as such, or preferably In combfnatton with suiteble phamnaceutical exdpients. e.g. In the forni 
of tablets, coated tablets, capsules, suppositories, patehes, emulsions, suspenskins, gets or sduttons, 
the active compound content advantageously being between 0.1 and 95%. 
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The person skDled In the ert is familiar on the basis of his/her expert knowledge with the excrplents 
which are suit8t>ie for the desired pharmaceutical formuiattons. in additton to solvents, gel-fomtino 
agents, ointment bases and other active compound vehictes, it Is pos»ble to use, for ^cample, antioxi- 
dants, dispersants, emulsEfiers. presenraUves, sohibiDzers or permeation promoters. 

For the treatment of disorders of the respiratory tract, the compounds according to the invention are 
preferably also administered by inhalation. For ttiis, these are either administered directly as a powder 
(preferably rn micronized form) or by nebulizatlon of solutions or suspensions whteh contain them. With 
respect to the preparations and administration forms, reference is made, for example, to the details in 
European Patent 163 965. 

For the treatment of denmatoses, the compounds according to the invention are in particular used in the 
form of those medicaments whk:h are suitable for topical applk^tion. For the productton of the medica- 
ments, the compounds according to the invention (« active compounds) are pretaBbly mixed with suit- 
able r^rmarautlcai excipiente and further processed to give suitable pharmaceutical fOTmuiatlons. 
Suitable pharmaceutical formulations which may be menttoned are, for example, powders, emulsions, 
suspensions, sprays, oils, ointments, fatfy ointments, creams, pastes, gels or solutions. 

The medicaments according to the invention are prepared by methods known per se. Dosage of the 
active compounds takes place in the order of magnitude customary for PDE inhibitors. Thus topical 
appUcation forms (such as, for example, ointments) for the treatment of dermatoses contain the active 
compounds in a concentration of, for example, 0.1-99%. The dose for administration by inhalation is 
customarily between 0.1 and 3 mg p^ day. The customary dose in the case of systemic therapy (p.o. 
or i.v.) Is between 0.03 and 3 mg per kik>gram per day. 
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Bloiooical investigations 

In the investigation of PDE4 inhibition at the cellular level, the activation of inflammatory cells has par- 
ticular importance. As an example, the FMLP (N-fonnyl-me»jlonyl-leuoyl-ph8nylalanine>-lncluced su- 
pero)dde production of neutrophilic granuloqrtes may be mentioned, which can be measured as lumi- 
nol-potentiated chemoiuminesoence [IWcPhaii LC. Strum SL. Leone PA and Sozzani S, The neutrophil 
respiratory burst mechanism, in "immunology Series" 1982, 57, 47-76; ed. Cofiey RQ (Marcel Decker, 
inc. New Yorl(-Basle-Hong Kong}]. 

Substances which hhibit chemduminesoenoe and c^kins secretion and the secretion of inflammatory 
mediators on hflammatory cells. In particular neutrophBic and eosinophiite granulocytes. T lympho- 
cytes, monocytes and macrophages, are those »#iich inhibit PDB4. This isoenzyme of the phosphodi- 
esterase fanHies Is particuiariy represented in granukicytes. Its inhibKon leads to an increase In the 
Intraoeliuiar cydic AMP concentratibn and thus to the inhibition of cell acthratkm. PDE4 inhibition by the 
substances according to the Invention Is thus a central indk»tor of Ihe suppression of infiammat«y 
processes (Glembycz MA. Could isoenzyme^elective phosphodiesterase Inhibitors render brmwho- 
dllatory therapy redundant in the treatment of bronchial asthma?. Biodiem Pharmacol 1992. 43, 2041- 
2051: Torphy TJ at al.. Phosphodiesterase Inhibitors: new opportunities for treatment of asthma. Tho- 
rax 1991, 46, 512-523; Schudt C et al.. Zardaverlne: a cydic AMP PDE 3/4 inhibitor. In "New Drugs for 
Asthma Therap/'. 379-402. Blrkhauser Vertag Basie 1991; Schudt C et al.. Influence of selective 
phosphodiesterase bihibitors on human neutrophil functions and levels of cAMP and Ca; Naunyn- 
Schmiedebergs Arch Phamracol 1991, 344. 682-690; Tenor H and Schudt C, /^alysis of PDE isoen- 
zyme profiles In cells ana tissues by phannnacologteal methods. In "Phosphodiesterase Inhtftortf", 
21-40, The Handbook of Immunophcnnacology'. Acadendc Press, 1996; Katzeimann A et al.. Enzy- 
matic and functtonal aspects of dual-setective PDE3/4-lnhlbitors. In "PhosphodiesteiBse inhibitors-, 
147-160. The Handbook of Immunopharmacology". Academic Press, 1996). 
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Inhibition of PDE4 acttvtty 

Mrthodotoflv 

The activity test was carried out according to the method of Bauer and Schwabe, which was adapted to 
microtiter plates (Naunyn-Schmiedeberg's Arch. Phannacol. 1980, 311, 193-198). The PDE reaction 
takes place In the first step here. In a second step, the resulting 5'-nucleotide Is cieaved by a 
5*-nudoetidase of the snake venom of Crotalus atnox to the uncharged nucleoside. In the third step, the 
nucleoside is separated from ttie remaining charged substrate on fon-exchange columns. The columns 
are eluted directly Into minrviats. bnto which 2 ml of scintillator fluid are additionally added, for counting 
using 2 ml of 30 mM ammonium formate (pH 6.0). 

The frihtbitory v^ues detemrtined for the compounds according to the invention prttibltory concentration 
as -log ICso (mol/I)] fallow from the following Table A, in which the numbers of the compounds corre- 
spend to the numbers of the examples. 

Table A 



inhibition of the PDE4 acthritv 



Compound 


-log ICgg 


1 


7^8 


2 


7^3 


3 


7^1 


4 


7.47 


5 


7.63 


6 


8.39 


7 


7.85 


8 


8.00 


9 


6.76 


10 


6.83 


11 


8.00 



wo 00^42019 



PCT/EPOO/00152 



28- 



Patent ^alms 



1. 



A compound of the formula I, 



R4 



R5 



R1 



R2 




(I) 



R31 



R4 
R51 



Ar 



in whrch 



R1 is hydroxyl, 1-4C-alkoxy. 3-7C^cloalkoxy, 3-7C-cydoalkylmethoxy or completely or predomi- 
nantly fluorine-substituted 1-4C«alkoxy, 

R2 Is hydroxyl. 1-4C-aJkoxy, 3-7C^cydoalkoxy, 3-7C^cloalky»nnethoxy or completely or predomi- 
nantly fluorine-substituled 1-4C-alkoxy, 

or in whteh 

Riband R2 together are a 1 -2C-atkylenedio)cy group. 
R3 is hydrogen or 1-4C-a1kyl. 
R31 Is hydrogen or 1-4C-alkytp 
or In which 

R3 and R31 together are a 1-4C-alkylene group. 
R4 is hydrogen or 1-4C-a]kyl. 
R5 is hydrogen, 
R51 is hydrogen, 
or in which 

R5 and R51 together represent an additionai bond, 

Ar Is an unsubstltuted or RB- and/or R7.substltuted bl- or tricyclic radical of the formula la or lb. 




where 
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G Is a 5- or fr-membered ring which optionally can contain up to 3 identical or different heteroatoms 

selected from the group consisting of O and N, 
A is a bond. -CHa-, -CHa-CH^-. -CIVO-, -O-CH^-, -C{0)-, -N{H)-. -N=, ^CH=, -CH=CH-. 

-N=CH-or.CH=N-. 
B Is a bond, ^Hz-, -C(0)-, ^O-, -N{HK -N= -CH= or -8(0)3-, 

R6 is hydroxyl, halogen, carboxyl, nitro, cyano, amino, aminocarbonyl, mono- or di-1-4C'^llcylamlno. 
mono-or di-1-4C-alkyiamlnocarbonyl, 1-4C-alkyMrifluoromethyl, 1-40alkoxy, 1-4C-alkoxycarb- 
ony!, 1-4C-alkylcarbonyioxy. l-^C-alkylcarbonyl, 1-4C-afkoxycarbonytamino or complete^ or 
predominantly fluorine-substituted 1-4C-aikoxy, and 

R7 is hydroxyl, halogen, nltro, 1 -4C-alkyl or 1-4C-alkoxy. 

or the salts, the N-oxIdes and the salts of the IM-oxides of this compound. 

2. A compound of the fomnula I as claimed in claim 1 . In whx:h 

R1 is 1-2C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkytmethoxy or completely or predom^ntly fluo- 
rine-sut»stituted 1-2C-alkoxy, 

R2 is 1-2C-alkoxy, 3>5C-cycioalkoxy, S-SC-cyctoalkylmethoxy or completely or predominantly fluo- 
rine-substituted 1-2C-alkoxy, 

R3 Is hydrogen, 

R31 is hydrogen, 

R4 is hydrogen or 1 -2C-alkyl, 

R5 is hydrogen. 

R51 Is hydrogen. 

orin whteh 

R5 and R51 together represent an additk)nai bond, 

Ar is an unsubstltuted or RB- and/or R7-substttuted bi- or trtoydlc radical selected from the group 
consisting of indanyl, naphthaienyl. fluorenyl, 9-oxo-9H-thloxanthenyl-10,10-dioxkle. phenan- 
threnyl, anthracenyl« benzofuranyl, indazolyl, quinofyl. Isoqulnotyl, phthalazinyl, quinoxaiinyl, 
quinazolinyl, cinnolinyi. indolyl. 1 H-benzimldazcrfyl, 1 H-benzotriazolyl, benzoxazdyi. fluoren-9- 
onyl, anthraquinonyl, dO^enzofuran)^, chromanyl, 2,3-dihydroindolyl. 2,3<i£hydrobenzofuranyl, 
2,3-dihydrobenzoI1,4]dioxjnyl and benzo{1,3]d]oxoiyl, where 

R6 is hydroxyl, halogen, carboxyl, nitro, amino, aminocarbonyl. 1-4C-a]kyi, 1-4C-alkoxy. 1-4C-alkyl- 
cwtx>nyloxy, 1-4C-alkoxycarbonyl or completely or predominantly fluorine-substituted 1~2C-alk- 
oxy. and 

R7 is hydroxyl, halogen. 1-4C-all^ or 1-4C-alkoxy, 

or the salts, the N-oxIdes and the salts of the N-oxIdes of this compound. 

3. A compound of the formula 1 as claimed in daim 1 . in whteh 
R1 ls1-2C-alkoxy, 

R2 js 1-2C-alkaxy, 
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R3 is hydrogen, 

R31 is liydrogen, 

R4 is hydrogen or 1 -2C-alkyi. 

R5 is hydrogen. 

R51 is hydrogen, 

or in which 

R5 and R51 together represent an additional bond, 

Ar is an unsubstituted or R6- and/or R7-substituted bi- or tricyclic radical selected from the group 
consisting of indanyi, naphthalenyi. 9-oxo-9H-thioxanthenyl-10,10-dloxlde, fluorenyl, anthracenyl, 
benzofuranyl. quinolyl, Isoquinolyl, phthalazinyl, quinoxaiinyl, quinazolinyt, dnnolinyl, tndolyl, in- 
dazoiyl, 1H-benzimldazoIyl. 1 H-^ienzotriazolyl, benzoxazolyl, fluoren-O^nyl, anthraquinonyl, di- 
benrofuranyl, 2.3-dlhydroben2o[1,4ldloxinyl and ben:a>[1,3]dioxolyl» where 

R6 Is hydroxyl, halogen, carboxyl, nitre, amino, aminocarbonyl, 1-40allcy1, 1-40alkoxy, 1-4C-aikyl- 
carbonyloxy. 1-4C-allcoxycarbonyJ or completely or predominantly fiuorine-substituted 
1-2C-alkoxy, 

R7 is 1-40alky!, 

or the salts, the N-oxides and the salts of the N-oxides of this compound. 

4. A compound of the fonmula i as claimed In daim 1 . in which 

R1 is 1-2C-alkoxy, 

R2 is 1-2C-alicoxy, 

R3 Is hydrogen, 

R31 Is hydrogen, 

R4 hydrogen or 1*2C-allcyl, 

R5 is hydrogen, 

R51 is hydrogen. 

or in which 

R5 and R51 togettier represent an additional bond, 

Ar is an unsubstituted or R6-substituted bl- or tricyclic radical selected from the group consisting of 

indanyl. naphthalenyi. 9-oxo-9H-thioxantheny|.10.10-dcoxide, fluorenyi, anthracsnyl, benzofuranyl. 

qulnolyl, isoquinolyl, phthalazinyl, quinoxaiinyl, quinazolinyl, cinnolinyi. Indolyl. indaizolyl. 

IH-benzimidazolyl. 1H-benrotrlazolyl, benzoxazolyl, fluoren-g-onyl, anthraquinonyl, dibenzofu- 

ranyl, 2,3-dlhydroben2o[1,4ldloxlnyl and ben2o[1 ,33dioxolyl, vriiere 
R6 is hydroxyl. halogen, carboxvU nitro, amino, aminocart)onyl, 1-4C-allvl, 1-4C-afkoxy, 1-4C-alicyl- 

cartoonylo)^ or 1-4C-an(oxyccrbonyl, 
and the salts, the N-oxides and the salts of the N-oxIdes of these compounds. 



5. 
R1 



A compound of the fonmula I as claimed in daim 1 , In which 
is methoxy. 
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R2 is methoxy, 

R3, R31. R4, R5 and 1^1 are hydrogen, 

Ar is a radical selected ftxwn the group consisting of 7-dmuoromethoxy-2^soprop^benzofuran-4-yl. 
naphthalen-2-yl, quinoKn-6-yl. IH-benzlmidazol-S-yl. 2HTiethylbenzinMazol-5-yl. IH-benoztriazoT- 
5-yl, 2,3-dihydroben2ot1,4]dJoxin-6-y!. benzo[1.3ldtoxol-5-yl. lO.KWioxothtoxanthen^Q-on-a-yl. 
fluoren-9-on-2-yt and anthraquinon-2-yl, 

and the salts, the N-ox!des and the salts of the N-oxides of these compounds. 

6. A compound of the formula I as claimed in claim 1 , In which 
R1 is methoxy. 

R2 is methoxy, 

R3, R31, R4, R5 and R51 are hydrogen, 

Ar is a radical selected from the group consisting of naphthalen-2.yl, quinolin-6-yl. 1 H-tienzimldazDl- 
5-yI, 2-methylbenzlmlda2ol-5-yl, IH-benztriazol-S-yl, 2,3-dlhydrobenzo[1,4]dioxln.6-yl, benzo- 
[1,3IdiQxoU5-yl. 10,10-dioxothloxanthen-9-cm-3-yl, fluoren*9-on-2-yl and anthraqulnon-2-yI, 

or the salts, the N-oxides and the salts of the N-oxMes of this compound. 

7. A compound of the fomiula I as claimed In one of claims 1. 2, 3. 4. 5 or 6 which have the same 
absolute configuration in positions 4a and 10b as the compound (-)-ciS'1 ,2<limethoxy-4-(2-amlno- 
cyclohexyl}benzene having the optical rotation [a] ^ = -58.5** (c = 1, ethanol), which can be employed 
as a starting materfad. 

8. A compound of the formula I as danmed in dsdm 1 for use In the treatment of DInesses. 

9. A medicament comprising at least one compound of the formula 1 as claimed In claim 1 tog^er 
with pharmaceutical ejodplents and/or v^iides, 

10. Use of compounds of the formula I as claimed in daim 1 for the production of medicaments for 
treating airway disorders. 
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